frame of 1123 amino acids (Figure 1A)
) and (X amot Y) males dying before birth. These of single wild-type and lhx1 (also called lim1) mutant results indicate that the penetrance of the amot mutant gastrula stage embryos yielded a cDNA clone (initially phenotype is sensitive to genetic background. designated SII6) that was expressed in the AVE of gasTimed matings were established to investigate the emtrula stage wild-type embryos in a pattern that was simibryonic lethality. In crosses between surviving X amot X amot lar to lhx1 but absent or significantly reduced in lhx1 females and X amot Y males examined at E7.5, only 38% of null embryos [3] [4] [5] [6] [7] . Screens of embryonic day 7.5 (E7.5) the decidua contained mutant embryos; the remainder cDNA libraries and 5' RACE produced a cDNA of approxcontained hemorrhagic embryos (Table S1B) ectoderm (Table S1 and Figure 2B ). The severity of this elevated in the CLF of amot mutant embryos relative to controls ( Figures 2K-2N ). defect was variable (Figures 2 and S2 ; Table S1 ). However, all of the mutant embryos examined by histology Marker gene expression suggests that VE accumulates at the CLF of amot mutant embryos. In wild-type at E7.5 displayed an abnormal accumulation of cells in extra-embryonic tissues at the CLF (n ϭ 14) ( Figure 2F late-streak to no-allantoic bud stage embryos, gata4 and ␣-fetoprotein (afp) are expressed in the proximal and Table S1B ). In contrast, essentially all (98%) E7.5 wild-type embryos on a B6129 genetic background were VE associated with the epiblast and the VE associated with the extra-embryonic ectoderm [9, 10]. afp expresmorphologically normal (Table S1B) .
The embryos that displayed the mutant phenotype in sion is relatively restricted around the junction of the embryonic and extra-embryonic regions ( Figure S2 ). In the CLF were always X amot X amot or X amot Y mutants (referred to hereafter as amot mutants). To gain insights amot mutant late-streak to no-allantoic bud stage embryos, the endoderm layer in the excessive folds exinto this defect, we examined tissue morphology in wildtype, X amot X, and amot mutant embryos at primitive presses gata4 and afp. Moreover, afp expression is restricted in the anterior region with the excessive folds streak stages. In wild-type embryos, the CLF consists of two cell layers at the anterior junction of the epiblast and in the posterior region, suggesting that a subpopulation of VE accumulated in the anterior region and also and extra-embryonic ectoderm. The outer cell layer displays the typical morphology of visceral endoderm. The occasionally in the posterior region ( Figures S2D and  S2DЈ ). These observations suggest an abnormality in inner cell layer is likely to be definitive endoderm. In amot mutant embryos, the CLF region consists of more the migration of amot mutant VE. To directly address this, we labeled the VE at the embryonic/extra-embrythan two cell layers. Moreover, the structure of the CLF is 2G-2J) . This cell accumulation is apparently not due to regions (Figures 3A and 3C) . Also, although distal-toproximal migration of DiI-labeled VE cells was observed increased cell proliferation because BrdU incorporation assays indicated that cell proliferation ratios were not in the amot mutants, the lateral migration of DiI-labeled 3B and 3D) . Thus, of most of the amot mutants may be caused by the morphological abnormalities in the VE within the embry-VE cell migration is abnormal in amot mutant embryos.
B). (C-F) Midsagittal sections of late streak stage wild-type (C) and mutant (E) embryos stained with haematoxylin and eosin (H&E). Regions of higher magnification of the wild-type (D) and amot mutant (F) are indicated in (C) and (E). The structure in the CLF is disorganized in the mutant embryo (asterisk). Arrows indicate "excess furrows." The scale bar represents 100 m in (C) and (E) and 25 m in (D) and (F). (G-J) Cross-sections in the extra-embryonic region of late streak stage wild-type (G and I) and amot mutant (H and J) embryos stained with H&E. Regions of higher magnification of the wild type (I) and amot mutant (J) are indicated in (G) and (H). The scale bar represents 100 m in (G) and (H) and 50 m in (I) and (J). (K-N) Sagittal sections of late streak stage wild-type (G) and amot mutant (I) embryos visualized for the incorporation of BrdU into nuclei (brown). Regions of higher magnification of the wild type (H) and amot mutant (J) are indicated in (G) and (I)
.
VE cells was greatly reduced (Figures
In addition to showing morphological defects, the onic/extra-embryonic region and/or a VE-mediated nutritional insufficiency and subsequent block in yolk sac amot mutant embryos have a developmental delay. The gross morphology of embryos within the same litters formation. Interestingly, in humans a shorter isoform of angiomotin that can bind Angiostatin has been identifrom crosses between X amot X females and X amot Y males was compared. At E7.5, amot mutant embryos are usufied. Angiostatin is a circulating proteolytic cleavage product of plasminogen that acts as an inhibitor of angially delayed by approximately 6 hr and sometimes up to 12 hr or more at E8.0 (Table S1B and Figures 4A-4F) .
ogenesis [8] . Angiostatin has been shown to inhibit endothelial cell migration, and angiomotin appears to meInterestingly, the distal VE in amot mutant embryos appears to migrate anteriorly during the early streak stage diate the cell migration-regulating activity of Angiostatin. In addition, we have isolated a plasminogen cDNA fragbecause the expression of cer1 and lhx1, both markers of the AVE, are detected in the anterior region of E7.5 ment from E7.5 mouse embryos. The abnormalities in the proximal VE of amot mutants suggest that Angioand 8.0 amot mutant embryos ( Figures 4B, 4C, 4E , and 4F) [5, 11] . AVE specification of anterior fates in the statin-mediated regulation of cell migration may not be limited to endothelial cells. Finally, our findings suggest embryonic ectoderm of amot mutant embryos also occurs as judged by otx2 and six3 expression in delayed that there are independent mechanisms that operate within subregions of the VE to regulate morphogenetic amot mutant embryos recovered at E8.5 (Figures 4G-4J;  [12-14]) . movements essential for early mouse development. In the mouse, amot is expressed in a dynamic, regionspecific pattern in the VE just before and during gastrulaSupplemental Data Supplemental Data including the Experimental Procetion. Our findings suggest that amot is required in the AVE for movement away from the epiblast and associadures, one Supplemental Table, and VE in the CLF of amot mutant embryos by gata4 and afp in situ hybridization.
